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[57] ABSTRACT 

A video cassette recorder includes a tape transport and servo 
that records digital data at one tape speed and plays back the 
digital data at one twentieth of the recording speed, both 
with a fixed speed of rotation of a drum head. On playback, 
each recorded segment of data on the tape is read from ten 
slightly different longitudinal positions on the magnetic 
tape, with the highest amplitude read-back signal being 
selected The drum head cxamprises two playback heads that 
each have playback widths that are approximately twice as 
wide as each of four recording heads in the drum head. 

10 Claims, 4 Drawing Sheets 
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TIME EXPANSION METHOD AND SYSTEM both their drum head rotation speeds and their capstan 

FOR SLOWER THAN REAL-TIME speeds. Making the capstan speed adjustable allows the use 

PLAYBACK WITH VIDEO CASSETTE of otherwise ordinary transports and servos. But the play- 

RECORDERS back becomes problematic because the path the playback 

5 head takes across the tape is inclined from the path the 

This application is a continuation of application Scr. No. recording head takes across Che tape during recording at a 

08/380,957 filed on Jan. 31, 1995, now abandoned. higher tape speed (assuming a constant drum head rotation 

speed). The prior art has offered no solution to this problem. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention JO SUMMARY OF THE PRESENT INVENTION 
The invention relates generally to magnetic recording and ft ^ therefore ^ object of the present invention to provide 

more specifically to time-expanding recording and playback a Ttcor ^ ing system wmc h uses a fixed drum head rotation 

with video cassette recorders (VCRs). speed and a plurality of tape capstan speeds to effectuate 

2. Description of the Prior Art digital data time compression and expansion. 

Video cassette recorders (VCRs) in the United States 13 uis mother object of the present invention to provide a 

typically record and playback video programs at the same method of recording and playing back digital data at input/ 

rate that ordinary television programming is broadcast output rates mat are different 

Many VCRs can receive and record National Television ^ - « , n „ t ^ fWC , f , f • 

_ . , ~ «»«oi^v * . . . _^ ... . . w . Briefly, a system embodiment or the present invention 

^dard Co^uttee (NTSQ f™ broadcasts with bu* in composes a video cassette recorder tape transport and servo 

^Jft^T'V??' F^T™, "7 ■> thTr^ digital datn^oact^^^^ys back the 

played hack wiftabuflt-m VHP channel three (or four) ^ ^ ^ l ^ rth J£ eBd , both 

modulator connected to a conventional television recover. J* faed g . ofxotatioa ofadrum head. On payback, 

!? e ,0fT. ^ ^r4 Utaqmt ° , l, CaS !^ 10 ~ «"* recwdedlegment of data on the tape is read several 

Umted States and c«npatible with VHS cassette times, with the testread-back signal being selected. Tie 

tapes are widely available at low cost drum head comprises two pUyback heads that each have 

The tape transport and servo mechanism in a VHS-type piaybaciwio^ that axe almost twice as wide as each of four 

VCR typicaUy includes a capstan than regulates the tape rccQr din K heads in the drum head, 

speed as it is pulled spirally across a rotating drum ° ,^ . . . _ ... . _ 

recorrtii^^ The tape contacts the drum head ^ ^ An advance of the present mveanon is that a digital data 

for^pStely 180° of rotation. The video is thus 30 timeHar^uisioii system is provided that can ut^ ine^en- 

icconEd in a series of inclined segments which resemble the sive and «^ casscttc *** trans P art 

pattern made by diagonally parked cars along a street curb. scxvo mccbanisms ' 

An auxiliary head is used to record and playback an audio A further advantage of the present invention is that a 

or a control track that runs linearly along one edge of the method is provided for using a fixed drum rotation speed in 

tape, 35 a video cassette recorder with a record capstan speed that 

The speed and pluiserelatwnsmp between the drum head substantially exceeds a playback capstan speed, 

and the capstan arc ?rri pn f t j int. During playback, it is critical These and other objects and advantages of the present 

mat the rotating playback head be controlled so mat it tracks invention will no doubt become obvious to those of ordinary 

over the center of each recorded segment on the tape. The ^ skill in the art after having read the following detailed 

prior art has therefore increased and decreased both the description of the p r ef erred embodiment which is illustrated 

drum head speed of rotation and the capstan speed to in the drawing figures, 
maintain their relative speeds. 

In order to record video programs at rates higha man that IN THE DRAWINGS 

of broadcasting, the prior art increases bom the drum head 45 pjrj i is a block fHa grum of a video cassette recorder 

rotation speed and capstan speed proportional to the embodiment of the present invention; 

increased rate of program input Normal drum head and CTO - . m ^. ^ . - . mMmAtt tor ^ 

^7 ™ ruc. in the VCR of FIG. 1; 

Conversely, in order to playba c k video progr *"" 8 at rates <n 

higher InantLt of hro8iJcai FIG. 3 is a diagram of the data format used in the 

tnednnnhead rotation Tspeed aid car^ speed proportional magnetic tape recordings associated witti FIGS, land 2; and 

to the increased rate of program output Normal drum head 4 is a flowchart of a method embodiment of the 

and capstan speeds are used dining recording to accept the present invention. 

program at the customary rate. 55 „ m ^„^™.^vt 

*7«n . j t ■ ■ . •» », ■ DETAILED DESCRIPTION OF THE 

VCRs are adept at recording and playing back digital ^^^^mRmmmODBJ^ 

information, which information may or may not represent a 

video program. Satellites and fiber-optic networks are FIG. 1 illustrates a video cassette recorder (VCR) 

capable of accepting and delivering digital data at excep- embodiment of the present invention, referred to herein by 

tionatty high rates. Such a wide bandwidth comes at a high 60 the general reference numeral 1*. The VCR 10 comprises 

cost, &nd it is expensive to use such channels to carry two recording rh«niw»Jg and a playback rh«nn<»i These 

uncompressed data, e.g., ordinary television broadcasts. channels mniw* to a common ftxeo^rotation-speed drum 

Therefore, the prior art has used video recorders to time- head 12 with an axis of rotation that is angled with respect 

contract and time-expand video programming and digital to the longitudinal of a moving nm gnKir tape. The VCR It 

data communication rates. 63 thus provides for helical scan recording and playback of 

VHS-type VCRs use tape transports and servo mecha- video images and sound. The drum head 12 has a plurality 

nisms that are not easily modified to increase and decrease of recording heads (R1-R4) and playback heads (P1-P2) 
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connected to the respective channels. The two recording sweeps 44 distributed between successive segments 42 and 

channels include a pair of modulators 14 and 16, a pair of 43 will provide good results. A best playback signal is 

encoders 18 and 29, a shared random access memory (RAM) selected from the several provided by the multiple playback 

22 and an intermediate frequency (I/F) ampli fie r stage 24 for sweeps of each recorded segment The highest amplitude 

connection to a conventional television tuner. The encoders 5 signal can be the basis of selection, or the one with the least 

18 and 20 preferably provide error check i n g and correcting detected errors. The best signal often represents a best-fit of 

(ECC) functions. The playback channel includes a demodu- mc recording segment relative to the sweep of the playback 

lator 26, a decoder 28, a RAM 30 and an VP stage 32 for bra<1 ^ch as the fit of sweep 44 shown in FIG. 2. 

connection to conventional bandwidth decompression. A — . . . ^ . . • 

^777 . _ /T\Ar*\ m «, kT^cIh t« Two-channel azimuth recording with four heads is 

Atanativcly, an amplifier, equalizer, phase to*ed loop S^taT^d RTwould be of a seS azimuth 
(PLL) and sync-recovery umt are included between the 

drum head 12 playback heads and the demodulator 26. Vpe * „ . 

A conventional VHS-cassette tape transport and capstan , nC \ 3 ^ "fS, ^2 

mechanism is represented in FIG. 1 by a capstan 34 f <* «* rec«ded «gmem, such as sepnent 42. Each 

mechanically ejected to the drum head 12 and a servo segment end *tich approaches the outside edges of Ac 

controller 36 m*gn<»*ir tape 40 has a pair of margins 52 and 54 that 

. n vrT > 1A k«- eMmMtc «f embrace between them a video and audio sector 54. Each 

1^ operation, the VCR 10 records bar segments of ^ 

digital mformauon on magneUc tope For «a^ such Jgg-J ^^^mptec a syncSation (SYNC) 

^TJ^r^H^ r^u^^attSear S 158 ™ Mock identiS (iffand parity field 60, a 

rotat ^«^^ 8 ? 0 ^ olutlons mbwMJ™) at a linear number ncld62 , a block number fieM64, a data field 

speed of 3335 muTimeters per second. Tins results in each ^TJa^^^^^ma^vm^ r^M no ™ ^ t»™. 

rcOTde^ segment being tilted to^ M 66 and a block partfy fidd 6* Date ^ecor^S 

\^^.€^Z^^^rJ ^T^h^h-.i c^nrmt* 40 is pre-stored in the RAM 22 and recorded in the data field 

<* Payback data is read from me data field 66 aiKlstor^ 

recorded side-by-side. If the magnetic tape has two record- . « AW « , 

ing heads placed 180° apart, then a tape contact of 180° of in the RAM 30 after recovery. 

the circumference of the drum head 12 will allow every 131 onc im plem e nt ation, half-inch oxide recording tape in 

other recorded segment to be recorded by one recording 30 VHS-type cassettes was used together with four digital 

head. By switching between the recording heads at appro- recording heads, two digital playback heads and two analog 

rxiare times in relation to the contact of the heads with the recordmg/^yback heads in the drum head 12. A recording 

tape, continuous video and audio recording is accommo- track pitch of twenty-nine millimeters was used with a drum 

dated. By this technique, slower tape speeds may be realized head rotation speed of 180° REM (alternatively 1500 RPM). 

to conserve on tape usage, while the higher relative head to M An input data rate of twenty megabits per second, and a 

tape speeds needed for recording video frequencies is pro- recording rate in excess of forty megabits per second, 

vided. A longitudinally recorded control track is provided in yielded a playback data rate of one megabit per second, 

me raior art to indicate wim two b^ head of Double encoding using conventional Reed-Solomon code 

two is active. In the VCR 19, such a control track is recorded provides good results. Conventional, so-called "8-10" 

with several alternating states per head transition to allow 40 modulauon was u&eA - The recording tape speed was 33 35 

for control of the playback heads during times of exception- millimeters per second and the playback speed was 1.67 

ally slow tape playback speeds. Otherwise, the control track mfllimetos per second. The analog portion of VOt It may 

transitions may (hop below the tni'mnmm detectable play- comprise conventional "VHS-standard w components, e.g., 

back frequency. tape transport and servo mechanisms. 

During playback, a magnetic tape 40, a section of which 43 A method embodiment of the present invention for 

is illustrated in FIG. 2, is drawn passed the rotating drum recording and playing back data a substantially different 

head 12 at one twentieth of its usual recording speed, e.g., rates with a video cassette recorder is illustrated as a method 

1.67 rnillimeters per second. At such lower tape speeds, one l#t in FIG. 4 A VCR having a capstan mechanism far 

of the recording heads (R1-R4) will sweep a recorded pulling a magnetic tape spirally across a rotating drum head 

segment, eg., «ywMit« 42 and 43, of the mngnrtic tape 4#. 50 k used with the method IN, such as VCR It. A step lt2 

The different hatching of segments 42 and 43 in the flms- defines a time-expansion factor (N) by divid^ an input data 

trytion iff intended to rfprewnt fw ft diifmvt typf* *rf agtmmh rate by an output data rate. A step 1+4 operates the rotating 

recording. Such «it»™ting types of »*tmirth recording help drum head at a fixed rate. A step 1*6 records data received 

in distinguishing between adjacent segments 42 and 43. A at the input data rate in a series of segments on the magnetic 

played-back segment sweep 44 results which has a more 55 tape while operating the capstan mechanism at a first linear 

exaggerated recorded alt angle from the perpendicular tape speed. A step 1*8 plays back the data recorded in the 

(across tape) than do segments 42 or 43. The difference in step 106 while operating the capstan mechanism at a second 

angles is an an gle theta (6). As the angle 6 increases, the linear tape speed which is N-times slower than the first linear 

quality of the signal obtained from the played-back segment tape speed. A step 110 selects a best playback signal from a 

sweep 44 tends to degrade. 60 plurality of sets of playback signals (Q) obtained from 

Consequently, it is advantageous to include playback multiple scans of each of the series of segments during the 

heads in the drum head 12 that have a substantially wider step 1«. A step 112 outputs data derived from the best 

playback width ^^^chv than characteristic recording playback signal at a data output rate which is N-times slower 

width of the recording heads, eg, twice as wide. It is also ^ the input data rate. 

advantageous to make multiple sweeps 44 of each recorded 65 In an alternative incrementation of the method 1#0, the 

segment 42 during playback at slightly different relative time-expansioo factor (N) is equal to the number of the 

drum-head%to-magnetic-tape positions. For example, ten playback signals (Q) times the number of times a playback 
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width of a playback head used in the step of playing back 
data exceeds a recording width of a recording head used in 
the step of recording data. In a second alternative imple- 
mentation of the method 100, the time-expansion factor (N) 
is equal to twenty, the number of the playback signals (Q) 
obtained per one of the segments recorded is ten, and the 
number of times the playback width exceeds the recording 
width is two. 

Although the present invention has been described in 
terms of the presently preferred embodiment, it is to be 
understood that the disclosure is not to be interpreted as 
limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art after having read 
the above disclosure. Accordingly, it is intended that the 
appended Haims be interpreted as covering all alterations 
and modifications as fall within the true spirit and scope of 
the invention* 

What is claimed is: 

1. A video cassette recorder (VCR) for digital data time 
compression and expansion, comprising: 

a digital data input for receiving data at a first data rate; 

a digital data output for transmitting data at a second data 
rate which is substantially different man said first data 
rate, and that provides for digital data time compression 
and expansion; 

a fixed-speed rotating drum head with a plurality of 
recording heads and playback heads, and disposed 
within a video cassette recorder tape transport for 
writing and reading to and from a series of recorded 
segments on a magnetic tape; 

a two-speed capstan mechanism cooperative with the 
fixed-speed rotating drum head for moving said mag- 
netic tape across said drum head at a first linear speed 
and at a substantially different second linear speed that 
supports said digital data time compression and expan- 
sion between the digital data input and output; 

recording means connected to the digital data input and 
the capstan mrchanism for controlling said magnetic 
tape to move at said first linear speed during recording 
of said received data received at said first rate; and 

playback means connected to the digital data output and 40 
the capstan mechanism for controlling said magnetic 
tape to move at said second linear speed during play- 
back of recorded data transmitted at said second rate; 

wherein, the playback means directs said playback heads 
to read each of said recorded segments on said mag- 
netic tape a mnlrinxfc of times before proceeding to a 
next recorded segment 

2. The VCR of claim 1, wherein: 
said receiving data rate exceeds said transmitted data rate 

by twenty times; and 
said first linear speed exceeds said second linear speed by 
twenty times. 

3. The VCR of claim 1, wherein: 
the recording means includes two channels for azimuth 

recording of said magnetic tape and a random access 
memory for parsing said received data between said 
two channels. 

4. The VCR of claim 1, wherein: 
the recording means includes data encoder means for 

error checking and correction (ECQ; and 
the playback means includes data decoder means for error 
checking and correction (ECQ. 

5. The VCR of claim 1, wherein: 
the playback means further includes means for selecting 

a select one of said multiple reads by said playback 
heads to be connected to the digital data output; and 
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said playback heads in the drum head have a playback 
width (hat is substantially twice the recording width of 
said recording heads. 

6. A video cassette recorder (VCR), comprising: 

a digital data input for receiving data at a first data rate; 

a video cassette recorder tape transport and capstan 
mechanism having a fixed-speed drum head with a 
plurality of recording heads and playback heads, and a 
capstan for moving a magnetic tape across said drum 
head at a first linear speed and at a second linear speed 
which is twenty times slower than said first linear 
speed; 

a digital data output for transmitting data at a second data 
rate which is twenty times slower than said first data 
rate; 

recording means connected to the digital data input and 
the video cassette recorder tape transport and capstan 
irwhatiigTn for controlling said magn^r tape to move 
at said first linear speed during recording of said 
received data received at said first rate; 

azimuth recording means included in the recording means 
providing for two channels of azimuth recording of said 
magnetic tape and a random access memory for parsing 
said received data between said two channels; and 

playback means connected to the digital data output and 
the video cassette recorder tape transport and capstan 
mechanism for controlling said magnetic tape to move 
at said second linear speed during playback of recorded 
data transmitted at said second rate; 

wherein, the playback means directs said playback heads 
to read each of said recorded segments on said mag- 
netic tape a multitude of times before proceeding to a 
next recorded segment 

7. A method of recording and playing back data at 
substantially different rates with a video cassette recorder 
having a capstan mechanism for pulling a magnetic tape 
spirally across a rotating drumhead, the method comprising: 

defining a time-expansion factor (N) by dividing an input 
data rate by an output data rate; 

operating said rotating drum head at a fixed rate; 

recording data received at said input data rate in a series 
of segments on said magnetic tape while operating said 
capstan mechanism at a first linear tape speed; 

playing back data recorded in the step of recording while 
operating said capstan mechanism at a second linear 
tape speed which is N-times slower than said first linear 
tape speed; 

selecting a best playback signal from a plurality of sets of 
playback signals (Q) obtained from multiple scans of 
each of said series of segments during the step of 
playing back data; and 

outputting data derived from said best playback signal at 
a data output rate which is N-times slower than said 
input data rate. 

8. The method of claim 7, wherein: 

said time-expansion factor (N) is equal to the number of 
said playback signals (Q) times the number of times a 
playback width of a playback head used in the step of 
playing back data exceeds a recording width of a 
recording head used in the step of recording data. 

9. The method of claim 8, wherein: 

said time-expansion factor (N) is equal to twenty; 
said number of said playback signals (Q) obtained per one 
of said segments recorded is ten; and 
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said number of times said playback width exceeds said 
recording width is two. 

16. A video cassette recorder (VCR), comprising: 

a digital data input fox receiving data at a first data rate; 

a video cassette recorder tape transport and capstan 
mechanism having a fixed-speed drum head with a 
plurality of recording heads and playback heads, and a 
capstan for moving a magnetic tape across said drum 
head at a first linear speed and at a second linear speed 
which is twenty times slower than said first linear 
speed; 

a digital data output for transmitting data at a second data 
rate which is twenty times slower than said first data 
rate; 

recording means connected to the digital data input and 
the video cassette recorder tape transport and capstan 
mechanism for controlling said magnetic tape to move 
at said first linear speed during recording of said 
received data received at said first rate; 

ATimifth recording means included in the recording means 
providing for two channels of azimuth recording of said 
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magnetic tape and a random access memory for parsing 
said received data between said two channels; and 

playback means connected to the digital data output and 
the video cassette recorder tape transport and capstan 
mechanism for controlling said magnetic tape to move 
at said second linear speed during playback of recorded 
data transmitted at said second rate; 

wherein, the playback means directs said playback heads 
to read each of said recorded segments on said mag- 
netic tape a wmhitwift of times before proceeding to a 
next recorded segment; 

wherein, the recording means includes data encoder 
means for error checking and correction (ECC); 

wherein, the playback means includes data decoder means 
for error checking and correction (ECC); and 

wherein, said playback heads in the drum head have a 
playback width that is substantially twice the recording 
width of said recording heads. 
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